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PHYSICAL PROPERTIES OF COMPACT TOROIDS CENERATED BY A COAXIAL SOURCE

1. Henins, H. W. Hoida, T. R. Jarboc, R. K. Linford, J. Marshall,
K. F. McKenna, D. A. Platts, and A. R. Sherwood

In the CTX experiments we have been studying CTS generated with a mag-
netized coaxial plasma gun. CTS have been generated in prolate and oblate
cylindrically symmetric metaliic flux conserves. Th.s plasma and tignetic
field properties are studied through the “;e of nxgnetic probes, Thomson

scattering, Interferometry, and spectroscopy.

In the prolate case a simple circular cylinder is used as the flux con-
server. The initial poloidal field strength of the coaxial source can be
adjusted so that the CT configuration comes to rest within the flux conserver
and separates fror~ the gur,. In sone cases the CT stops with its axis

parallel to the common axis of che source and the flux conserver, and then it
rotates (as predicted by Roscnbluth and Bussac)l until 1?s axis is orthogonal
cc the axis of the flux conserver. In mos: cases the stopped CT when first
observed has already partially rotated. The rotated CT appears to be IIHD
stable and its magnetic fields (= 2 kC for the prolate case) decay with about
a 100 ps time constant. Interferometric measurements show an initial density
of about 1014 cm-3 and a density llfetime similar to that of the magnetic
field. Details of the verification of this tiltin

gun opcratlon and geometry are reported elsewhere. ?,3s ‘ell as ‘etails ‘f ‘he

We have produced compact toroids when an initial axial ma~netic “fjwlde”
field wns established within the cylindrical stainless steel flux conservcr.
In the presence of this field the compuct torold 1s observed to rotate 180°.
The characteristic decay time of tli~ magnctfc field configuration was OIIly

10-15 us, l.c., much shorter than compilruble conditions without the Guide
field. Wc spcculatc thut the rilpid destruction in the [~uidc field case is
duc to reconnection of maflnctic Eicid lines in the hifih shear regions which
occur dfcur the toroicl rotates, opcniug previously closGd field iincs.
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three time scales 1 us, !2 vs, and 150 us have the proper relative values to
be nn Alfven4 time, a resistive tearing time, and - resistive decay time
respectively.

If it does not tilt then one expects to have only Bz on axis. For ths
case in Fig. 1 the peak transverse components are measured to be less than
152 of the peak B and are not shown. The measurement of all components of
the magnetic field: on the axis of the flux conserver is a powerful means of
determining the extent of tilting. We have spent considerable time searching
for a field and flux conserver configuration which gives a stable CT with
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Plots of the axial conponcnt of the magnetic field on axis at variou% times.
Figure la shows plots at various times during the decay of the field in the

entrance cylinder. The time elapsed between plots is 5 us. FiCure lb shows

plots at vurtous times during the decay of the compact toroid and the time
between plots here is 50 IJS. The ~UII dischlrgc is initiated at t=O and the

plot labeled t=~ shows the valI.lcof the axial component of the magnetic field
in this rc~ion due to thC COilS which .W~Jply the imitifll ~Xiill

pl~sma gunm
flux for the

ill ordor to
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guide field. Fig. 2 shows a summary of the geometries tried with comments as
to the stability ~f the CTS created in these geometries.

Some properties of the CT plasma are measured for the no guide field
case of the geometry shown in Fig. 2b. The density as a function of time as
measured by a 3.39 pm wavelength HeNe interfera[,~eteris shown in Fig. 3.
Observe that the time behavior of the magnetic field and density are similar.
Spectroscopic data are taken with a 5-channel polychrorneter, a rnonochrometcr,
and a spectrometer. The polychrometer has five channels spaced one angstrom
apart. Photomultipliers are on each channel for time resolution. The
monochromecer is set up to look across two angstroms. Using both the po:y-
chrometer and the monochrometer two regions of wavelength can be clonicored en
each shot. In addition, we have a spectrometer which can look at a region of
approximately 100 A, time integrated, and is used to look at the regions of
interest to identify lines. Nickel and iron impurities have bcon identified.
The region of the CV triplet (2270.91 A, 2277.25 A, 2277.92 A) has been
studied extensively with all three instruments. A line suitably close
(within the resolution of the polycl]rometer and spectrometer - 1/2 A) to the
CV line (2270.91 4) was identified at approximately 2270 A and a similar time
history was observed for data taken in the 2277 A region. Unfortunately,
these lines are all very close (within 1 A) to Ni 11 lines - 2270.213 A,
2277.28A, and 2278.77 A. Their time history also correlated well ta two
other nickel II lines outside of the region of interest (2264.457 A and
2287.084 A). Th,~sthe - 2270 and the - 2277 lines are more likely NiII than
CV lines. OIV WES also detected at 2781.05 A indicating a temperature on the
order of or higher than 20 eV at the beginning of foruation. CIII radiation
is observed during the lifetime of the plasma. It must be added that the
spectroscopic measurements are line inte~rated and we look through reg~ons of
cold plasma and reflionsof hot plasma may not be evident. Thomson scntterlng
has been used to rceasurethe electron temperuturc at variou~ t~mes. We have
taken sone preliminary data at a position 5 cm from the midplane of the con-
finement r~~ion and at a rudius equal to two-thirds of that of the confillc-
mcnt region. Thure is a large shot-to-shot vnriation of the temperature and
d(!nsity at this position especially early in time. However, the ph3r!lil does

.appcur to bc fuirly cool (Te ~ 10 eV) for the times shown in Fig. lb
(t ~ 50 us). Eurly in time (t - 5 PH) tcmpcr:lture~ as hifih n3 60 CV IMVC
hccn mcatiurcd. Qllurl’z pre!;sure prolw data :iru conslsccnt wir.11this by
6hrJwiIlfi.-Irapid drop curly in time. This rill)i(l cool.lnv durin[; rcconncctio[l
is prubdbly duc to Lrnnsport ulor~flopelt ffcld linus. It mny bc possi~lc to
lwcr the cncrRy lo~t on OPCH field lines by shortening the tlmc for
reconnect Loll. one method of doinfl this is to dpply n f~lst rising cxt{lrl~:ll
fic!ld 111 the Ctl Lri”ficc! r~!flioll.The cxtcrnul coil prcducing thiu ficltJ iS

called a unippcr coil.
coruus ION
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Fig. 3.
Density and magnetic field vs time. These data were taken with an
interferometer and a magnetic probe locaLed near the midplane of the confinc-
inent re~ion of the flux conscrver. The density is the line average on a
diameter and the magnetic field is 13z on axis. Gensity and Bz are fron
different shots.

field lifetime. When a compact toroid is generated in an oblate flux

conserver under proper conditions it does not tilt as verified by the fact
that the transverse fields on axis are snail compared to the axial field. In
this stable case the reconnecting time (I2 us) can be ohservcd and it is much
shorter than the dec.ly time of the fields of the compact toroid (150 us).
The density has a similar ?ecay time in this case also. Scc Fig. 3. Fron
the spectroscopic data the OIV signals indicate an initially warm plasma,

The pl;lsma cools rapidly nftcr which time the Ni II lines appear. This
interprctution is consistent with the Thomson scattering dala whi~h show the
rapid c~rly coolinfl. Guide fields can he added to some flux con~ervers
witl~out c;lusin~ltiltin~. I{owcvcr, whcll the relative strcn~th of the !;uidc
fields become hi~ll enou~ll the CTS rot:lLe 180° and flux 1s annihilated.
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